Many insecticides used in agroecosystems target insect pests along with beneficials or natural enemies. Insecticides should not only suppress the insect pest population, but also be safer to their natural enemies. Hence, it is imperative to screen the insecticides before incorporating them into the Insect Pest Management Programme. Such screening of insecticides will be successful and effective only when we understand the toxicological effects of insecticides we use, on insect pests as well as on their predators. The present paper reviews the impact of insecticides on beneficials with special reference to four non-target reduviid predators viz., Acanthaspis pedestris (Stål), Rhynocoris fuscipes (Fabricius), R. kumarii (Ambrose & Livingstone) and R. marginatus (Fabricius) that prey on insect pests and are being exposed to insecticides used by farmers. Almost all the tested insecticides with reference to this review prolonged the postembryonic development; altered the sex ratio; reduced the size and the weight of life stages; and the fecundity and the longevity; caused low prey consumption, haphazard movement; loss of orientation and restlessness; altered their haemogram; accelerated mitosis as well as transformation of haemocytes; reduced carbohydrate and protein and increased lipid and water content; disintegrated alimentary canal, testis and ovary and reduced sperm count and distorted sperms.
Introduction
Insecticides are not only the culprits of well known ecological backlashes: resurgence, resistance and replacement, environmental microbial degradation and so on, but also affect the non-target arthropods. Historically, biological impact of insecticides on arthropods have been evaluated primarily on mortality assessments. However, it is well known, that sublethal doses of insecticides can affect the physiology and behaviour of both target and non-target arthropods. It alters their ability to regulate the density of their hosts or prey. This ability in beneficials may be affected in two ways, (i) changes in the intrinsic rate of increase such as developmental rate, fecundity, longevity and sex ratio, and/or (ii) changes in the feeding behaviour, such as general mobility, host searching and oviposition (Croft, 1990) .
Although the formulation, timing and placement of field application are directed as narrowly as possible at target pests, beneficials are often more susceptible to insecticides than phytophagous pests, because they are continuously exposed to the longer period of the degradation of insecticides. Under ideal conditions of ecological selectivity, the toxicant would affect only the pest and would have no effect on beneficials. In reality, however, selectivity is imperfect and some overlap of insecticide exposure on beneficials invariably occurs and the sublethal effects also follow. Beneficials are usually dependent on their phytophagous prey for their food and reproduction. Hence, their developmental characteristics have evolved to follow those of their prey with some lag time. For instance, when insecticides are applied to early generation of the pest, subsequently emerging beneficials are likely to encounter sublethal residues. Since natural enemies are more mobile they are more likely to come in contact with sublethal residues of insecticides. Hence, awareness of screening of insecticides, safer to biological control agents has been gaining momentum (Ambrose, 1999) . Such screening is imperative to safeguard the beneficials from the hazardous effects of insecticides. This paper reviews the insecticidal damages caused on the postembryonic development, behaviour, predatory potential, haematology, biochemistry and histology of reduviids, potential biological control agents of insect pests.
Review Toxicity
The impact of three commonly used insecticides viz., decamethrin, sumicidin and dimethoate against cotton and vegetable pests, to a non-target reduviid biocontrol agent A. pedestris nymphal instars was studied. Based on the 24, 48, 72 and 96 hr LC 50 their order of toxicity was ranked as follows: dimethoate > decamethrin > sumicidin. All three insecticides affected the behaviour of insects. The LC 50 value increased from first to fifth nymphal instar but it decreased from 24-hr to 96-hr exposure (Sahayaraj, 1991) .
The relative toxicity of monocrotophos, and dimethoate in five concentrations, each concentration when evaluated at four different exposure periods to A. pedestris indicated that monocrotophos was more toxic than dimethoate. The field application level of dimethoate (300 ppm), had no toxic effect on the predator, whereas monocrotophos (field level 360 ppm) had little effect. The third nymphal instar was more resistant to monocrotophos than the adults due to their camouflaging behaviour (Ambrose & George, 1995 , 1996a , b, 1998 . Cypermethrin was also found toxic to A.pedestris (Khan, 2000) .
Toxicological impacts of four insecticides: monocrotophos, dimethoate, quinalphos and endosulfan on the postembryonic development, haematology, biochemistry and histology of three harpactorine reduviid predators viz., R. fuscipes, R. kumarii and R. marginatus were studied (George, 1996; George & Ambrose, 1997 , 1998a . All the five insecticides were found to be toxic even at 24 hrs exposure. The relative toxicity of insecticides was rated as follows: methylparathion > monocrotophos > dimethoate > quinalphos > and endosulfan. Among the three harpactorines, R. marginatus was the most resistant while R. fuscipes was the least resistant (Table 1 ; Figure 1 ). Analysis of LC 50 values revealed that third nymphal instars were more sensitive than the adults. LC 50 values also supported the relative toxicity of the tested insecticides, by mortality observation. George and Ambrose (1996) reported that the higher morph of R. marginatus was more resistant than R. kumarii and R. fuscipes to monocrotophos and endosulfan.
Synthetic insecticides quinalphos, phosphamidon, dimethoate, methylodemeton, monocrotophos, chlorpyriphos and endosulfan and botanicals nimbecidine, niconeem, neemark and nicotene sulphate were toxic to eggs and nymphs of R. fuscipes. Among synthetic and botanical insecticides quinalphos and nimbecidine were found highly toxic and endosulfan and nicotine sulphate were the least toxic, respectively (Paul & Srivastava, 1989; Ghelani et al., 2000) .
Postembryonic development
Monocrotophos negatively prolonged the stadial period and shortened the longevity of A. pedestris. Except endosulfan all the other tested insecticides significantly prolonged the stadia and delayed the emergence of adults in Rhynocoris spp. (George, 1996; George & Ambrose, 1998c , 1999c (Table 2 ; Figure 2 ). Such insecticides influencing postembryonic development was observed in natural enemies belonging to Braconidae, Coccinellidae, Chrysopidae, Encrystidae, Ichneumonidae George, 1996; George & Ambrose, 1997 , 1998a , 1998b . George, 1996; George & Ambrose, 1998c , 1999c (Insecta) and Phytoseiidae (Arachnida). Acetylcholinesterase activities of insecticides and inhibition of hydroxylation processes of some steriods, which subsequently reduce the availability of ecdysone were reported as the mechanisms by which insecticides could reduce the stadial period (Conney et al., 1966; Katiyar & Lemonde, 1972) .
Endosulfan in R. marginatus and dimethoate in R. fuscipes shifted the female-biased sex ratio into male-biased sex ratio. An insecticide applied to a given natural enemy species may affect males and females differentially due to sex-related differences in physiology or phenology or behaviour. Insecticides influenced shifts in sex ratio were reported in insects belonging to Braconidae, Lygaeidae and Scelionidae (Croft, 1990) . Such aberration in sex ratios may affect mate finding and other behaviours of an exposed individual. The change of sex ratio was attributed due to the effect of insecticides on the hormonal system (Croft, 1990; George, 1996) .
Except endosulfan, all the other insecticides caused significant reduction (p = 0.5% to 5%) in the size and weight of life stages (Tables 3, 4 ; Figures 3, 4). Similar reduction or increase in weight of natural enemies exposed to insecticides was reported by Croft Source: George, 1996; George & Ambrose, 1998c , 1999c . Table 4 . Impact of insecticides on the body weight, the fecundity and the longevity of three harpactorine reduviids (n = 6; ± SE) Source: George, 1996; George & Ambrose, 1998c , 1999c . 
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Friendly insecticides to conserve beneficial insects D.P. Ambrose (1990) . The reduction in size and weight of reduviids due to insecticides was attributed to the blocking of lactate and succinate dehydrogenase and cytochrome oxidase in energy metabolism (Dimov & Kaloyanova, 1967; Mozsic et al., 1969; Javid & Ali, 1984; Edmunds & Alstad, 1985; Khowaja et al., 1994) .
Fecundity was reduced by the exposure of insecticides, except endosulfan. There was a negative correlation between the concentration of insecticides and the fecundity (Table 4 ; Figure  5 ). Insecticides caused reduced fecundity in natural enemies belonging to Braconidae, Coccinellidae, Chrysopidae, Scelionidaea, Syrphidae, Trichogrammatidae, Cecidomyiidae, Aphelinidae (Insecta) and Phloseiidae (Arachnida) (Croft, 1990) . The reduced fecundity by insecticides was caused by the disruption of parental reproductive physiology or it might be due to the lower food intake (Adkisson & Wellso, 1962; Picket & Patterson, 1963; Georghiou, 1965; Ridgway et al., 1965; Moriarty, 1969; Bariola & Lindquist, 1970; Schricker & Stephen, 1970; Barker & Waller, 1978; Waller & Barker, 1979; Stoner et al.,1983; Smirle et al., 1984; Harmon & Ross, 1987 Haynes, 1988; Hamilton & Schal, 1990; Senguttuvan & Gopalan, 1990; Morse & Zarch 1991; Khowaja et al., 1991 Khowaja et al., , 1992 Khowaja et al., , 1993 Khowaja et al., , 1994 . Higher fecundity in endosulfan-treated insects was attributed to the hyperactivity of exposed insects due to the accumulation of acetylcholine. (Georghiou, 1965; Ball & Su, 1979; Harnoto et al., 1984; Abd-elghafar & Appel, 1992) . Increased synthesis of vitellogenin and increased fecundity due to hydroprene, DDT triforine and triprene were reported in other natural enemies (Croft, 1990) . In Bracon hebetor fecundity was reduced by a behavioural effects via nervous system toxication (Croft, 1990 ).
Insecticides reduced longevity. As the concentration of insecticide was increased, the longevity proportionately reduced (Table 4 ; Figure 6 ). Similar Insecticides caused dose dependent reduction or increase in longevity was observed for other natural enemies (Croft, 1990 ).
In the case of reduced longevity wherein death occurs before the adult stage is reached, the effect on fecundity is obviously zero. In term of life table parameters this effect is equivalent to instantaneous death. However, such affected beneficials may still feed on their hosts or prey during the larval stage and this contributes to a functional response, if not a numerical response. The situation is similar to sterility, where a sterilized beneficial is functionally equivalent to a dead one in terms of intrinsic rate of increase. Sterilized insects may also influence population dynamics by mating with the reproductively viable unaffected beneficials. For instance, in Bracon hebetor, carbamate pesticides interfere with mitotic apparatus and causes poor egg hatch accompanied by only a slight decrease in egg production. It has been suggested that such sterilized females ought to trap the sperms from males, which would have even greater effects on the population's reproductive performance (Croft, 1990) .
Behaviour
Reduction in feeding, haphazard movement, loss of orientation, spitting of saliva and frequent rubbing of rostrum against the prosternal groove, indicating their restlessness were the abnormal behaviours of reduviids exposed to insecticides. The abnormal behaviours were exhibited immediately after their exposure and gradually diminished thereafter. The intensity of abnormal behaviour increased as the concentration of insecticides was increased (George, 1996; Ambrose & George, 1998; Khan, 2000) . Increased or decreased locomotion as a function of insecticidal exposure was reported in natural enemies belonging to Carabidae, Dermaptera, Trichogrammatidae and Formicidae (Insecta) and Phytoseiidae (Arachnida) (Croft, 1990) . Moreover, insecticidal exposure served as repellents in the searching behaviour of natural enemies belonging to Aphelinidae, Syrphidae and Trichogrammatidae. Insecticide exposed natural enemies also exhibited decreased feeding rate or altered food preference (Croft, 1990) . In the assassin bug, A.pedestris, cypermethrin affected mating (Khan, 2000) . In addition, insecticides caused reduced oviposition, repelled the natural enemies to oviposit or caused deformed ovipositor in insect and arachnid natural enemies. Sublethal doses of insecticides can repel the predator and affect the completion of any one of the predatory behavioural events and disrupt prey location and capturing. Such repellency also disrupts actual oviposition or host acceptance. Insecticides-induced increased mobility can influence the rate of insecticide uptake and therefore insecticide-induced mortality; it can also be beneficial in increasing predation. Relatively long periods of immobility may lead to increased susceptibility of an individual, for example, predation, desiccation and other mortality factors. Such abnormal behaviours resulted, because insecticides could disrupt central nervous system which subsequently affect the neurotropically regulated energy-dependent phenomenon (O'Brien, 1967; Schricker & Stephen, 1970; Schricker, 1974a, b; Hirata & Sogawa, 1976; Wantanabe & Fukame, 1977; Lund et al., 1979; Hoy & Dahlsten, 1984; Villacarlos, 1987; Linn & Roelofs, 1984; Elzen et al., 1989) .
Predatory potential
Cypermethrin altered the functional response of the reduviid predator A.pedestris. They prolonged the prey capturing time, and reduced the attack ratio and discovery time (Khan, 2000) . 
Haematology
Insecticides viz., quinalphos, endosulfan, monocrotophos and dimethoate uniformly increased the total and affected the differential haemocyte count in A. pedestris (Ambrose & George, 1996a, b) (Table 5, Differential effects of insecticides at varied concentration on the total and differential haemocyte counts of R.kumarii, R. marginatus and R. fuscipes were observed (George, 1996; George & Ambrose, 1998d; 2000) (Table 7, 8) . Source: Ambrose & George, 1996a , 1996b George & Ambrose, 1998d . Source: Ambrose & George, 1996a , 1996b George & Ambrose, 1998d. insecticidal exposure was attributed to increased mitosis (Jones, 1962; Mall & Gupta, 1982) and reduction in plasmatocytes was due to the transformation of the plasmatocytes into granular haemocytes for cellular defence by loss of a portion of cytoplasm or by fragmentation or by gradual rounding off of fusciform plasmatocytes (Gupta & Sutherland, 1966; Beaulaton & Monpeyssin, 1976; Pathak & Kulshreshtha, 1993) . The increased plasmatocytes by endosulfan was attributed to the normal mitosis of plasmatocytes. Increased granular haemocytes was due to the detoxification of haemocytes (Patton, 1961; Wago, 1980; Kurihara et al., 1992) . Reduction in granular haemocytes at certain endosulfan concentrations was due to the Friendly insecticides to conserve beneficial insects D.P. Ambrose attributed to their transformation (Kurihara et al., 1992) .
Increased percentage of prohaemocyte as a function of
Except endosulfan (1/10 conc) all of the other insecticides increased the total haemocyte count in R. fuscipes, R. kumarii and R. marginatus. Methylparathion caused the highest impact (George, 1996) . Increased THC reflected the insecticidal resistance. When insecticides reached the central nervous system, diuretic hormone was released which reached transformation of granular haemocyte into cystocyte or oenocytoid by extension of some cytoplasmic granules and accumulation of chromatin granules along the inner periphery of the nuclear membrane (Gupta & Sutherland, 1966) . Increase or decrease in cystocytes reflected the coagulation of haemolymph, since cystocytes are considered as the effect of coagulation. The increase in oenocytoids by insecticides further supported their defensive function and their reduction was
Friendly insecticides to conserve beneficial insects D.P. Ambrose haemolymph through copora cardiaca and accelerated the rate of excretion. This caused an reduction in the volume of haemolymph which in turn increased the haemocyte count (Lee, 1961; Patton, 1961; Feir, 1979; Pathak, 1983 Pathak, , 1991 . Decreased THC in endosulfan exposed reduviids suggests antagonstic action of antidiuretic hormone (Wheeler, 1963; Pathak, 1991) . The highest THC observed in R. marginatus was correlated to its relatively higher resistance.
Biochemistry
Both in the digestive system as well as in the entire insect body, insecticides except quinalphos reduced the total carbohydrate content in R. marginatus. Similarly, protein content was also reduced. Insecticides except monocrotophos increased the total lipid content in R. kumarii. They (except endosulfan) caused reduction in the dry matter and increased the water content. The highest impact was caused by methylparathion (George, 1996; George & Ambrose, 1999b, d) . Reduction in carbohydrate was attributed to its utilization at the time of high energy demand warranted due to altered metabolism. Increased oxygen uptake with larger amount of the intermediates of glycolysis and Kreb's TCA cycles was observed in insecticide treated hyperactive insects (Mansingh, 1972; Ahamed et al., 1978; Reddy & Rao, 1982; Chockalingam et al., 1988; Machale et al., 1991) . Utilization of protein at the time of depletion of carbohydrate and derranged protein synthesis, active entry of protein from the gut to heamolymph, proteolysis due to histopathological changes etc. were attributed for the reduction in the protein level Reddy & Rao, 1982; Bharathi & Govindappa, 1987a, b; Chockalingam et al., 1988) .
Since lipid is impermeable to water, the increased concentration of lipid in the tissues of insecticides treated insects might be related to an adaptation to check the entry of insecticides into the tissues (Wigglesworth, 1972; Chockalingam et al., 1988) . Increased water content was due to possible resorption or regurgitation of haemolymph water into the intestine (Mansingh & Rawlins, 1979; Bharathi & Govindappa, 1987a) . Increased total water content was attributed to lesser loss of water through transpiration and faeces due to the increased fat content of the body and the lesser water utilization in insecticide treated insects (Delvi & Pandian, 1971; Srinivasan, 1977; Pandian et al., 1978; Ross & Brown, 1982; Delvi, 1983; Naik & Delvi, 1984) .
Histology
Insecticides extensively damaged the histology of three reduviids (George, 1996) . Insecticides caused lysis of intercellular connecting material resulting into gaps between epithelial cells causing frilled appearance, cellular degeneration, destruction of intestinal mucosa, pycnotic nucleus, vacuolization, obliteration of peritrophic membrane, appearance of fat globules, evagination of inner cellular tips and subsequent projection into the lumen, vacuolization caused exfoliation of cells and interluminal migration of broken cells, degeneration of nucleus, condensation of chromatin and darkly and evenly stained perinuclear cytoplasm in the alimentary canal. Twentyday exposure caused necrosis of intestinal epithelial cells. Vacuolization and apparent secretion in gut cells suggest metabolic disturbance due to hyperactivity caused by neuromuscular poisoning of insecticides. The proliferation of entire cell might mainly be due to the osmotic pressure changes created by the insecticides inside the epithelium (Topozada et al., 1968; Lal et al., 1970; Rizvi, 1970) .
Insecticides caused reduction in sperm amount, distortion of sperm cells and connective tissues, vacuolated spermatocytes and spermatids with pycnotic nucleus, reduction in interfollicular septum and testicular cysts, inhibition of spermatogenesis, spermatid cysts necrosis and thin and short spermatozoa. Prolonged exposure (20 days) caused disintegration of testis, fragmentation of spermatocytes, loss of sperm motility and degeneration and resorption of spermatozoa. Histomorphological dearrangement in the growth and differentiation was due to the physiological imbalance or stress or hyperactivity caused by insecticide's inhibitory action (Nath et al., 1978; Misra, 1981; Ahi, 1988; Bhalerao et al., 1991; Paul et al., 1991; Reinecke et al., 1969) .
Crumbling of follicular epithelium, disintegration of trophocytes, vacuolization of germarium, degeneration of yolk platelets, uneven pycnotic follicular layer, vacuolated ooplasm and dislocation of basement membrane were observed in insecticide treated reduviids. Complete necrosis was seen in 20-day monocrotophos and methylparathion exposed reduviids. The aberration observed in the ovary was attributed to the failure of supply of trophic material like ribonucleoprotein and DNA to the vitellarium. Poor deposition of yolk was attributed to degeneration of follicular epithelium. Multinucleated oocytes were resulted due to amitotic division of oocyte nucleus. Reabsorption of mature ova and oocytes and drastic decrease in fat cell size were observed as in starved individuals. This might be due to altered physiology of the state of "knock-down" i.e., increased rate of heart beat, increased chemical activity in the ganglia and fat body participation in carbamate metabolism. Moreover, damage of intracellular mitotic apparatus, resulting in embryo mortality during cleavage and subsequent reduction in egg hatch (Landa & Rezabora, 1965; Ondracek & Matolin, 1971; Nath et al., 1976) .
Conclusion
The foregoing account about the impact of commonly used insecticides on the non-target beneficials reveals that chemical control of insect pests can produce the following sublethal effects: (i) direct effects of toxicants on the nervous system; (ii) indirect effects caused by chemical upset of the hormonal system and consequent changes in the titres of endocrine secretion;
Friendly insecticides to conserve beneficial insects D.P. Ambrose and (iii) direct effects on non-neural target sites, such as those involved in protein synthesis. Exposure to insecticide can and probably often does result in all three types of effects simultaneously, with the outcome depending on the specific compound dose and physiological state of the affected organism. Cases of latent toxicity may be caused by the interaction of insecticides with normal physiological processes. It is time to replace the "king chemical" and especially those that are not friendly with beneficials.
Hence, the author suggests the screening of insecticides in such a way that they should manage or control the insect pest population but should be safer to the non-target beneficials. Although botanicals are comparatively safer than synthetic insecticides to beneficials, screening of available botanicals enable us to choose insecticides which are least toxic to beneficials but effective against target pests. Hence, beneficialsfriendly insecticides or 'soft' insecticides must be identified, promoted and incorporated in the Integrated Pest Management Programmes. Such biorational insecticides, including insect growth regulators, chitin synthesis inhibitors, anti-feedants, etc. usually cause lower natural enemy mortality than conventional synthetic insecticides. Physiological selectivity offer pesticide selectivity. Such pesticide selectivity has to be achieved in relation to the tritrophic biochemical interactions between plant pests and natural enemies by incorporating natural toxicants, antifeedants, suppressants, juvenoids or antijuvenoids into crop plant tissue by genetic engineering. Such incorporation could affectively reduce pest population development, while not affecting their natural enemies.
